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Abstract

Colorectal cancer (CRC) is one of the most frequent cancers worldwide and the
leading cause of death annually. In recent years, the study of natural preventative
agents and food components in addition to traditional treatments has seen an increase
in interest and effort. Nowadays, novel procedures are constantly being researched,
including nanotechnology-based cancer treatment, which is regarded as one of the
most promising research directions for colon cancer. This experiment's goal was to
determine if silver nanoparticles made from aqueous extracts of Taraxacum officinale
leaves (TOL-AgNPs) could help prevent colon cancer in rats that had been given 1,2-
dimethylhydrazine (DMH). Thirty-five rats have been allocated at random into five
groups: control, DMH, TOL-AgNPs alone, TOL-AgNPs combined with DMH, and
post-treated. DMH was administered intraperitoneally at a dosage of 30 mg/kg body
weight once per week for eight weeks, while TOL-AgNPs were orally given at a
dosage of 20 mg/kg body weight. UV-visible spectroscopy, FTIR spectrum, X-ray
diffraction (XRD), SEM and EDAX, TEM examinations were utilized to characterize
TOL-AgNPs. Hematological and biochemical tests were assessed additionally for
markers of oxidative stress. Also, colon tissues were examined histopathologically. It
was discovered that DMH elevated the hematological and biochemical parameters
significantly (P<0.05). TOL-AgNPs restored these measurements to an approximately
normal range. According to a histopathological examination, the TOL-AgNPs exhibit
anticancer effects in all nano-extract treatment groups. Our findings demonstrated that
AgNPs produced utilizing the leaves of T. officinale have potent anticancer activity
against DMH-induced colon cancer.
Keywords: Colon Cancer, Taraxacum officinale leaves, DMH, Green
nanotechnology, Oxidative stress.

1. Introduction Colorectal cancer (CRC) is among the most prevalent kinds of
gastrointestinal malignancies that have been widely researched globally. It ranks as
the third most common reason for cancer-related death(Shelton, 2002). The etiology
of CRC is characterized by the progressive and multi-step transformation of epithelial
cells to a malignant phase via precancerous intermediates (Raju, 2008). already when
colorectal polyps develop as precancerous lesions following colon carcinogenesis,
aberrant crypt foci (ACF) are discovered as abnormal clumps in the colon and rectum
lining(Kim et al., 2008). Diet has a big influence impact on the progression of colon
cancer. In recent years, individuals often consumed natural compounds with
significant medical potential. Enormous economic expansion and fast urbanization
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pushed individuals to embrace a western food choices, which is high in fat, heavy in
protein, lower in carbohydrates, and less in fiber. This imbalanced food is regarded as
a significant key contributor to the rising prevalence of colon cancer. In order to
minimize the incidence, the carcinoma of the colon, a diet full of fruits and vegetables
has gained prominence since it involves numerous phytochemicals having unique
pharmacological characteristics (Johnson and Mukhtar, 2007). Cancer chemotherapy's
effectiveness is restricted by drug-induced side effects, multidrug resistance, and off-
target binding. To determine the effectiveness of possible anti-cancer medications and
to develop novel cancer treatments, it is important to produce cancer tumors in
rats(Chidambaram et al., 2011).

Numerous carcinogens can cause tumors in rats' colons, but 1,2-
Dimethylhydrazine (DMH) is the powerful procarcinogen that can cause tumors in
rats' colons and rectums(Karthik Kumar et al., 2009, Sangeetha et al., 2010). DMH is
thought to produce active intermediates in the liver, such as azoxymethane &
methylazoxymethanol (MAM) that are then carried into the colon through the
biliary(Fiala, 1977). Following DMH exposure, systemic circulation is shown to
contain MAM, a long-lived metabolite. The frequency step in the metabolism of
DMH is the enzymatic modification of MAM to an active aldehyde, which can be
produced either spontaneously or by enzyme-catalyzed processes. This produces an
alkylating methyldiazonium ion that can methylate cellular macromolecules(Wolter
and Frank, 1982). Initiation, then promotion, and finally progression are the three
stages of carcinogenesis, and each one depicts the genetic changes which motivate the
gradual conversion of healthy cells to extremely cancerous descendants that could
display continuously disrupted cellular and molecular signaling pathways(Sugimura,
1992, Hanahan and Weinberg, 2000).

There are numerous colon cancer treatments available, including surgeries,
chemotherapy, and radiotherapy as a complementary therapy. However, due to
ineffective anti-cancer drugs in targeted areas, these therapies are typically
ineffective. As a result, alternate mechanisms for effective dose distribution should be
discovered. Nanotechnology is a multidisciplinary area that encompasses numerous
sciences, including engineering, physical, chemical, biological, and medical sciences.
It is one of the most promising fields for treating cancer(Sengupta et al., 2005,
Hamzehzadeh et al., 2016). In the field of medicine, nanomaterials have found usage
in a variety of applications, including bioanalytical diagnostics and therapies, drug
delivery systems, cancer therapy, and tissue-engineered scaffolds and tools. Metal
nanoparticles can be created via a wide range of biological, chemical, physical &
hybrid techniques. As a result, the toxic effects of the synthesis process are currently
being eliminated by a green strategy known as green synthesis. The green synthesis
process includes benefits including being non-toxic, inexpensive, environmentally
friendly, and biocompatible. In this method, bacteria, fungi, algae, other
microorganisms, and plants are utilized as caps and reductants from their extracellular
and intracellular matrix(Klaine et al., 2012, Muralisankar et al., 2016). Taraxacum
officinale, also called dandelion, is a blooming herbaceous perennial plant in the
Asteraceae family. Despite its reputation as a weed, a dandelion leaf has a variety of
pharmacologically actively substances including terpenoids, triterpenes, and
flavonoids (isoquercitrin, apigenin, caffeic acid, & chlorogenic acid, luteolin)(Xue et
al., 2017). Dandelion has long been utilized as a therapeutic non-toxic herb with
choleretic, diuretic, and anti-inflammatory characteristics. Additionally, it has been
claimed to cure obesity, cancer, and cardiovascular disorders while also having
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antioxidant properties. It grows on home and public lawns, along roadway edges, and
beside waterways in many different nations(Dermesonluoglu et al., 2016). This study
demonstrated a sustainable method for synthesizing AgNPs utilizing T. officinale leaf
extract. In order to characterize the synthesized TOL-AgNPs, various microscopic and
spectroscopic methods were used. The effectiveness of the biosynthesized TOL-
AgNPs against 1,2-dimethylhydrazine was tested in order to assess their anticancer
potential. The antioxidant and anticancer properties of synthetic TOL-AgNPs were
also evaluated(Hu and Kitts, 2003, Gonzalez-Castejon et al., 2012).

2. Materials And Methods

This research work was performed between September 2021 and June 2022 in
the animal house, advanced physiology laboratory of the Department of Biology,
College of Education in Salahaddin University-Erbil. The hematological-biochemical
analysis was carried out at Central Laboratory Irag-Erbil and the private Nobel Med
laboratory.

2.1 Collection of plant and leaf extract preparation

After gathering freshly T. officinale leaves (TOL), they were air dry in the shade
for ten days. The leaves had been dried and then ground into a powder in a mortar
before being sieved. The extract is obtained by thoroughly mixing 5 grams of leaf
powder with 50 milliliters of distilled water, boiling the solution at 60 degrees Celsius
for 15 minutes, allowing it to cool, and then filtering it using Whatman No. 1 filter
paper. The filtered extract of TOL was obtained for the production of AgNPs(Ajitha
etal., 2014).

2.2 Biosynthesis of AgNPs from T. officinale extract

First, the optimal values for the production of AgNPs, including pH,
temperature, and AgNO3 concentrations, were established. 10 milliliters of TOL
extract were put into 90 milliliters of an aqueous mixture containing 1 mM of silver
nitrate (AgNO3). TOL-AgNPs are formed as a result of chemical reduction, as seen
by changing the colors from mild yellow to deep reddish-brown. The samples were
preserved in an airtight bottle away from sunlight after being incubated at room
temperature for 48 hrs(Jain et al., 2009). By centrifugation, the result of TOL-AgNP
at 15000 rpm for 15 minutes, they were cleaned. TOL-AgNPs that were still semisolid
was air dried and gathered as powder. After going through several characterizations,
the produced TOL-AgNPs were put to use in biological applications(Alsalhi et al.,
2016).

2.3 The Characterization of Synthesized TOL-AgNPs
2.3.1 Visible-UV spectroscopy
An ultraviolet-visible spectrum investigation verified the formation of AgNPs.
The absorbance spectrum was obtained utilizing UV-visible spectroscopy (Perkin
Elmer Spectrophotometer) at a wavelength between 200 and 700 nm.

2.3.2 FTIR measurement
The functional groups of produced AgNPs were investigated utilizing an FT-IR
instrument (Shimadzu Company, Kyoto, Japan) to identify distinctive bands spanning
between 400 and 4000 cm™ with an intention of 2 cm™.
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2.3.3 The Examination of X-ray diffraction (XRD)
The X-ray diffraction spectrum (XRD) of the TOL-AgNP was recorded using
an X-ray diffractometer (Rigaku, Japan). With a time constant of 2 sec, the patterns
were captured using 20 scans from 30° to 80° at 0.04°/minute.

2.3.4 SEM, EDX, and TEM study of TOL-AgNPs

The SEM (scanning electron microscope), specifically a Carl Zeiss AG-EVO 50
(Zeiss, Germany), was used to examine the morphological properties of the artificial
TOL-AgNP. In order to get these pictures, a dropping coat of TOL-AgNP was
performed on a carbon-coated grid. An SEM apparatus was used to conduct studies of
energy-dispersed X-rays, EDX on the NOVA 2200e equipment, and elemental
mapping. Studies employing the TEM (transmission electron microscope) were
conducted using a Philips CM100 Analyses Transmission Electron Microscopy,
manufactured by Phillips in the Netherland.

2.4 TOL-AgNPs administration
The aqueous of TOL-AgNPs was produced and analyzed by advanced
confirmation technology and given orally at a dosage of 20 mg/kg b. wt. (1/20 of the
Median Lethal Dosage, LD50(Shousha et al., 2019).

2.5 Experimental induction of colorectal cancer in rats
To produce colon cancer, rats given one intraperitoneal (i.p.) infusion of DMH
(1,2-dimethylhydrazine) at a concentration of 30 mg/kg b.wt. Every week for 8
weeks. As a result, the induced rats were utilized to assess the efficiency of the
generated TOL-AgNPs against colorectal malignancy.

2.6 Experimental design

Thirty-five mature male Wistar albino rats (weighing 180-230 g) have been
kept in wire-mesh cages with flooring. The animals have been housed in conventional
circumstances ((22+2 °C, 45 + 5% moisture, and 12 hrs light-dark cycles)(Dongre et
al., 2008). Throughout the trial of the experiment, the rats received conventional rat
feed and had unlimited approach to tap water ad libitum. The experimental animals
were handled and looked at in conformity with the National Institutes of Health
Guidelines for the Utilization and Care of Laboratory Animals(Coskun et al., 2004,
Abo-Elsoud et al., 2022).

Rats have been split into five groups at random (n=7): control group rats
received a standard meal and given tap water, TOL-AgNPs treated group: Rats given
a regular meal and were given TOL-AgNPs orally by gavage at a concentration of 20
mg/kg body weight for 56 days, Colon cancer caused groups: Rats have been
intraperitoneally infused with DMH at a dose of 30 mg/kg one per weeks for 8
consecutive weeks, TOL-AgNPs simult.+ DMH-treated group: Rats have been
injected intraperitoneally with DMH and given TOL-AgNPs spontaneously orally at a
dosage of 20 mg/kg b. wt. for 56 total days, the final group was the DMH+TOL-
AgNPs post-treated group: Rats received intraperitoneal injections of DMH at a
dosage of 30 mg/kg b. wt. for 8 weeks, accompanied by orally administered TOL-
AgNPs at a dosage of 20 mg/kg b. wt. for an additional 56 days.

2.7 Collection of tissue and blood samples
After the experiment, the rats were decapitated, and blood specimens were
obtained by withdrawing the blood via cardiac puncture with a sterile disposable
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plastic syringe for biochemical and hematological assay. A total of around 2
milliliters of blood was taken in an EDTA-containing tube as an anticoagulant, and
about 5 ml of blood was gathered in gel tubes, which were then allowed to remain at
room temperature for 30 min. before being gently centrifuging at 3000 rpm for fifteen
min. Colon tissues were also collected, removed surgically, and cleaned in normal
saline. Before being put in 10% formal saline for histological analysis, all of the colon
tissues were taken from autopsies and cut into pieces.

Haematological and biochemical examination

An automatic blood analysis tool (Coulter/Swelab) was used to measure HB
(haemoglobin), RBC (red blood cell), HCT (hematocrit), MCV (mean corpuscular
volume), MCH (mean corpuscular haemoglobin), MCHC (mean corpuscular
haemoglobin concentration), RDW (red cell distribution width), MPV (mean platelet
volume), PLT (platelet count), WBC (white blood cell) and differential white blood
cell (lymphocytes, monocytes and granulocytes). All typical biochemical markers
were estimated using serum blood samples. ALT (alanine transaminase), AST
(aspartate aminotransferase), & ALP (alkaline phosphatase) tests for liver enzymes.
The biomarkers concentration of serum were evaluated by utilizing a standard kit
(Biolabo) in accordance with the manufacturer's recommendations.

Biomarkers of Oxidative Stress Analysis

These parameters were tested chemically by utilizing serum to evaluate MDA
(malondialdehyde) as an indication of LPO (lipid peroxidation) by the response of
TBA (thiobarbituric acid) based on the Ohkawa et al. procedure. Serum glutathione
(GSH) was also chemically examined utilizing commercial kits supplied by Beijing
Solarbio Science & Technology Co., Ltd. (Beijing, China) (Ellman, 1959).

Histopathologic Analysis and Tissue Sectioning

After the study, when the animals became slaughtered, specimens of colonic
tissues from separate groups were autopsied and histopathologically
examined(Banchroft et al., 1996). All samples were quickly dehydrated in successive
dilutions of alcohol mixtures (70%, 95%, and 100%) after being stored in (10%)
buffered formaldehyde for 24 hrs. Tissue pieces have been cleaned with xylene before
being embedded in paraffin wax. The rotary microtome was utilized to make paraffin
blocks for sectioning at 5 microns thick. Tissue slices were collected on microscopic
slides and deparaffinized by xylene before staining by eosin and hematoxylin (H and
E) after mounting with DPX for observation under a light microscope to establish the
existence of the orientation program. Histopathological alterations were also
graded(Dommels et al., 2007).

2.8 Statistically Analysis
Overall data were statistically assessed utilizing the GraphPad Prism (version 9)
and the one-way analysis of variance test (one-way ANOVA, Friedman test),
accompanied by the Normality and Lognormality Tests. The findings have been
demonstrated as the mean score and standard deviation (M+SD). When the variation
among the groups' "P" values has been smaller than 0.05, the difference has been
deemed statistically substantial.
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3. RESULTS

UV-Visible spectroscopy

At room temperature, adding TOL extract to the silver nitrate (AgNO3) mixture
caused it to turn from a bright yellow coloured mixture to a deep brown colour.
However, the colour did not go darker after 15 minutes, indicating that the reaction
was finished at that time. Using UV-visible spectroscopy for detection of the
formation of TOL- AgNP. The generated nanomaterial showed greater SPR (surface
plasmon resonance) of about 433 nm which suggests the synthesis of TOL-AgNP.
The observed spectrum data also validated the creation of TOL-AgNPs (Fig.1). The
distinguishing property of TOL-AgNPs is UV-absorbance at 433, which has been
linked to SPR (Surface, Plasmon Absorption) of Ag+ (Hamelian et al., 2020).

Fourier transform infrared (FTIR) spectrum

The existence the variety of functional groups in biomaterials essential for the
reduction process of Ag+ & capping or stabilizing of silver nanoparticles was
determined using FT-IR spectroscopy. To determine the functional categories, the
acquired intensity areas have been compared to typical ranges. The existence of a
reducing agent with nanoparticles is illustrated by the absorbance peak in the FT-IR
spectra of TOL-extract at 3421, 1452, 1112, 1078, 875, 700, and 619 cm-1 (Fig.2).
The spectra's lines at 3421 cm-1 correspond to O-H bending vibrations, which
indicate the appearance of phenol & alcohol. Stretching of aromatic C=C rings is the
cause of the peak of about 1421 cm 1. Strong absorbance bands at 1452 and 1078 cm1
are attributed to the existence of carbonyl group stretching (C = O) & C-OH bending,
respectively, in the extraction. According to several studies, these functional groups
have a crucial part in the stabilizing and capping of AgNP (36, 37). The C-N shifting
of amines is what causes the peaks at 1112 cm-1. Alkyl halides' typical C-Br
stretching may be responsible for the band at 619 cm-1 areas(Niraimathi et al., 2013,
Prakash et al., 2013).

Analysis of X-ray diffraction (XRD)

Powder XRD have been utilized to demonstrate the crystalline nature of TOL-
AgNPs, shown in Fig.3. At 20 = 38.2°, 44.1°, 64.83°, and 77.24°, which corresponded
to the (111), (200), (220), and (311) lines, consecutively. Bragg's reflections were
seen.

SEM and EDAX studies

The SEM images created from TOL-AgNPs showed that the AgNPs'
morphology had somewhat aggregated with one another. AgNPs have a particle size
dispersion that ranges from 30 to 50 nm. In Figures 4a, and b, the SEM micrographs
of the TOL-AgNPs are shown. The particles look like spherical pellets and are
agglomerated. Figure 4c represents the EDAX spectrum of Ag-NPs, chemical analysis
of TOL-AgNP confirmed both the formation & purity of the produced material silver
(AQ) peak around 2 keV(Prakash et al., 2013).

TEM studies

The virtually spherical form and size of the TOL-AgNPs in the TEM picture

with a scale of 50 nm were visible. Higher magnification reveals a monodisperse of

AgNPs with some black-colored fringes, suggesting that the phytochemicals in TOL

extract have capped the NPs. According to TEM pictures, the created AgNPs had a
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spherical form, negligible aggregation, and a variety of sizes (Fig.5). The chemicals in
the extract accumulated and adhered to those on the Ag-NP surfaces, causing this
agglomeration(Biswal and Misra, 2020).

Although the current investigation was intended to demonstrate the efficacy of
TOL-extracts combined with AgNP against DMH-caused colon disorders, this was
discovered as DMH generated detrimental impacts on the haematological &
biochemical parameters throughout the test period.

Haematological Analysis

As demonstrated in Table 1, DMH had a non-significant effect on
haematological parameters relating to the red blood cell indices (RBC, HB, HCT,
MCV, MCH, and MCHC). With the comparison to the control group, it generated a
substantial (P<0.05) increase in (MPV, RDW, PLT, and WBC) along with their
differential counting values. Although treatment with TOL-AgNPs resulted in a
substantial (P<0.05) decline in all of the above parameters in the TOL-AgNPs
treatment groups in comparison to the DMH-caused colorectal cancer groups, it
returned such parameters to ordinary levels throughout the post-treatment groups.

Estimation of Biochemical Analyses

Table 2 shows that the reactivity of liver function tests (ALT, AST, and ALP)
was elevated considerably (P<0.05) in the serum of DMH-caused colon malignancy in
compared to the control group. These chemical tests displayed a substantial (P<0.05)
reduction in TOL-AgNPs treated groups in comparison to the DMH-produced
colorectal cancer groups.

Estimation of Oxidative stress biomarkers

Figure 6a shows that the frequency of MDA in the DMH-caused colon
cancerous group has been substantially greater (P<0.05) in comparison to the control
group. TOL-AgNPs concurrently treated the group at a dosage 20 mg/kg b.wt)
substantially (P<0.05) reduced MDA levels in comparison to the DMH-produced
cancer groups. T. officinale nano-extract post-treated at a dosage of 20 mg/kg b. wt.
substantially (P<0.05) reduced MDA rates in comparesion to the DMH-caused
carcinoma group. GSH levels were considerably lower (P<0.05) in the DMH-induced
cancer group in contrast to the control group. When compared to the DMH-caused
cancer group, the TOL-AgNPs concurrently treated group had a substantial rise in
GSH levels. TOL-AgNPs post-treatment considerably (P<0.05) elevated GSH levels
in contrast to the DMH-induced cancer group as shown in figure 6b.

Histopathological Examination

The microscopic examination of diseased tissue is central to cancer diagnosis
and therapy. The most prevalent kind of colon cancer is colorectal adenocarcinoma,
which develops in structures with intestinal glandular components. The
Histopathologic results of the colon tissue of the animals in the control group revealed
usual colon architecture with normal glandular epithelium and a massive volume of
goblet cells (Fig. 7 A, B). In the DMH-treatment groups, dysplastic crypts,
desquamation of the mucosal lining epithelium’s tips, and irregular glandular tissue
that displays a few infiltrations of inflammatory cells in the lamina propria along with
the development of crypt abscesses were seen (Fig. 7 C). Along with severe mucosal
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dysplasia of glandular epithelium, there was regional mucosal destruction with severe
infiltration of inflammatory cells in the submucosal layers, displaying large
lymphocytic follicles that caused loss of mucosal architecture. The hyperplastic colon
mucosa revealed a combination of goblet and absorbent cells (Fig. 7 D). The colonic
tissue of the DMH-treated group showed high-level dysplasia from DMH due to
significant inflammatory cell permeation in the lamina propria of the mucosa &
submucosa (Fig. 7E, F). As a result, the DMH induced circumstances for the
formation of tumors in the treated rats. However, the histological sections of the
concurrently treated and post-treated groups with TOL-AgNPs at an oral dosage of 20
mg/kg revealed that TOL-AgNPs preserved the mucous area to destruction as well as
a noticeable decline in penetration of the inflammatory cells and submucosal swelling.
Normal numbers of goblet cells in the glandular epithelium have been seen, and also
did not generate epithelium shedding in the colon tissues, although there was some
moderate hyperplasia inside the epithelial tissue (Fig. 7 G, H, and 1, J) respectively.
Tissue sections from the TOL-AgNP-treated group alone showed a normal structure
that was equivalent to the control groups (Fig 7 K, L).
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Figure 5. TEMAbiéture of TOL-AgNP at a 50 nm resolutions
Table 1. The efficacy of T. officinale leaf extracts integrated Silver Nanoparticle
AgNP versus DMH (1, 2-Dimethylhydrazine) Caused Colorectal Cancer on Different
Haematological Parameters in Rats

Experimental Groups

T.officinale

T.

Parameters Induced nano- Post- officinale

Control extract
Cancer ! treated nano-
Simult- extract
treated

Total RBC (10%/L)  7.85+0.44b  6.2+0.46a  7.85+1.21a 7.47+0.28a 7.47+1.01b

Total WBC (x109/L) 8.81+0.61b 15.21+1.66a 10.17+1.78b 9.13+0.58b  8.9+2.14b

HB (g/dI) 12.48+1.27a 13.01+0.78a 12.76+3.68a 12.89+0.48 12.38+1.68
a a

HCT % 42.28+2.71a 38.53+1.03a 42.02+1.52a 41.84+2.86 42.95+3.01
a b

MCV (f) 57.14+2 54a 55.17£2.98a 56.67+2.26a 56.14+6.53 58.07+1.06
a a

MCH (pg) 16.97+0.91a 18.37+0.98a 16.6+0.76a 16.64+0.61 17.01+0.73
a a

MCHC (g/dI) 36.31+1.45a 34.57+0.85a 35.01+0.85a 34.97+0.9a 35.54+0.59
a

GRAN % 20.47+1.91b 37.62+2.45a 23.2+1.82b  20.08+1.81 20.42+4.9b

b

LYM % 61.54+9.48b 77.21+3.6la 64.22+2.86b 61.75+3.48 61.55+5.47
b b

RDW % 15.67+1.01b 21.12+0.89a 16.72+0.79b 15.75+0.88 15.65+0.94
b b

MPV (fl) 6.28+0.71b  11.18+1.26a 7.22+1.03b  6.41+0.53b  6.31+0.7b

MONO % 10.36+£3.02b 18.08+1.04a 10.97+1.61b 10.48+1.64 10.14+1.62
b b

Platelets (109/L) 441.14+£118. 804.14+39.0 510.85+118. 460.57+66. 443.42+49.

64b la 01b 33b 16b

The same letter in the column means a non-significant difference among

parameters at P<0.05.
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Table 2. The efficacy of T. officinale Leaf Extracts integrated Silver Nanoparticle
AgNP versus DMH (1, 2-Dimethylhydrazine) Caused Colorectal Cancer on Different
Biochemical Parameters in Rats

Experimental Groups

Parameters AST (UL)  ALT(UL)  ALP (U/L) (r:;gl)
Control 16357+19.29b 48.42+3.45h 454.17+38.14b 0.06+0.02b
Induced Cancer 270.68+23.76a 96.94+2509a 820.42+92.19a 0.36+0.19a
T.officinale nano-extract 163.62+13.09b 48.97+5.23b  463.11+38.15b 0.07+0.07b
Simulate-treated

Post-treated 164.44+3572h 48.41+452b  456.44+4336h 0.08+0.07a

T. officinale nano-extract 162.05+10.17b 48.17+5.19b  448.62+26.97b 0.05+0.04b

The same letter in the column means a non-significant difference among
parameters at P<0.05.

i
—
GSH (mmol/ml)

Figure 6. The efficacy of T. officinale Leaf Extracts integrated Silver
Nanoparticles AgQNP opposed to DMH (1, 2-Dimethylhydrazine) Caused
Colorectal Cancer on the Biomarkers of Oxidative Stress in Rats
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Figure 7. Histopathological analysis demonstrating the effectiveness of TOL-
extracts against DMH-induced colorectal cancer on rat’s colon tissues following
addition of silver nanoparticles (AgNP). (A,B) The control group showed a clear
number of goblet cells and a normal histological shape of the mucus with glandular
shape (H&E, 10x, 40x, respectively); (C) the DMH-caused colon cancer group
revealed dysplastic crypts with ulcerations of such tips with in previous sections and
mucosal of epithelial layar (H &E, 20x); D) DMH-induced colon cancer group
demonstrated high grade dysplasia developed clearly with huge infiltration of
cell inflammation in lamina propria of the submucosa and mucus (H & E, 10x), E)
The lamina propria of the submucosa and mucus in the DMH-induced colon cancer
group clearly displayed high grade dysplasia development and large infiltration of
inflammatory cells (H & E, 10x), F. magnification of criteria of malignancy of
disorganization (H & E, 20x), G,H) DMH + TOL-AgNPs Simultaneously treated
group showed approximately normal feature of colonic tissue with normal glandular
mucosa, normal number of goblet cells, associated with some inflammatory cells
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infiltration (H & E, 10x, 20x respectively), 1,J) DMH Post-treated with TOL-AgNPs
group showed colonic tissue near to normal as control tissue H&E (10x, 40x
respectively), K,L) The group that received only TOL-AgNPs displayed normal
histological architecture H&E (10x, x20 respectively).

4. DISCUSSION

An essential analytical tool for determining SPR and researching the optical
characteristics of produced AgNPs is UV-visible absorbing spectroscopy. There was a
colour change after adding TOL-extract to the AgNO3 solution, indicating that the
Ag+ ions had been reduced to Ag0. many researchers said that the existence of higher
polar phytoconstituents in the aqueous plant leaf extracts was what made nanoscales.
Under ideal circumstances, the UV-vis measurements of the characteristic absorbance
band at 433 nm proved that AgNPs were formed. In general, normal AgNPs exhibit
typical SPR at wavelengths between 400 and 480 nm, which was also seen in the
current study(Velmurugan et al., 2013, Nazeruddin et al., 2014, Saratale et al., 2017).
Increased NP creation was the cause of the SPR peak's growth with incubation
time(Ahmed et al., 2016, Saratale et al., 2018a). Particle size, morphology, internal
particle distances, medium dielectric consistency, balancing particles, and surface-
adsorbed components, on the other hand, all have a substantial influence on SPR
patterns and AgNP characteristics. We performed UV-vis analytical research on our
biosynthesized TOL-AgNPs. The peak at 433 nm stays the same, showing that
biosynthesized TOL-AgNPs are good and making them more useful(Pal et al., 2007,
Shankar et al., 2016).

The peak locations in the spectrum are used in FTIR spectroscopy to determine
knowledge of the various operational groups. The TOL leaf extract was used in FTIR
to determine potential biological molecules associated with the binding and
elimination of AgNPs. The hydroxyl groups may form intermolecular hydrogen
bonds, which would explain the peak's broadness(Majumdar et al., 2013). These
peaks indicated that the T. officinale leaf extract contained phenolic and flavonoid
acids. In the FTIR spectra of the fixed TOL-AgNPs, carbonyl units and aromatic
circles were discovered to be implicated in nanoparticle production. The reduction of
silver ions and the creation of matching AgNP may be caused by the existence of
several pharmacologically potent bioactive chemicals in the leaf extracts, like a
flavonoids and phenolic acids (chlorogenic acid and caffeic acid). According to
certain research, in lacking of additional powerful binding reagents, these flavonoid
and phenolic acids may interact with metal nanoparticle surfaces n-electrons and get
deposited there. So, it seemed like the biomolecules in the leaf extracts had been
reducing, binding, and fixing the AgNPs that were being made(Rostami-Vartooni et
al., 2016, Saratale et al., 2018b).

The XRD patterns were utilized to evaluate the composition of the produced
AgNPs and revealed 4 diffraction lines, 111, 200, 220, & 311, which were lines of Ag
in accordance with the typical face-centered cubic structure of Ag. Additionally, the
crystalline nature of the produced AgNP was verified by the high strength of the (111)
reflection peak is compare to other reflections. The findings are steady with previous
investigations, which showed comparable diffraction peaks of TOL-AgNPs(Ahmed et
al., 2016, Saratale et al., 2017).

According to Rautela et al. SEM picture reveals morphological properties and
size measurements of produced AgNPs(Rautela and Rani, 2019). Our findings
demonstrated that the produced nanoparticles measured by SEM ranged in size from
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35.78 to 50.29 nm. According to other investigations, AgNPs created utilizing T.
officinale leaves extract were spherical in form and ranged in size between 30- 50
nm(Zhang et al., 2016). The biological molecules within rhizomes extraction that
served as the capping layer of AgNP may be the cause of these size differences.
Solvent evaporation during sample preparation caused NP accumulation. In several
investigations, smaller, non-aggregated NPs decreased cytotoxically and increased
penetration volume in certain diseases(Kumar et al., 2017, Devanesan et al., 2020).
The TEM examination of TOL-AgNPs showed that they were uniformly smooth, well
disseminated, and spherical in shape. It is possible to see the brilliant, black-colored
cover, which suggests that natural compounds from TOL extracts may be important
for the caps and stability of AgNP. Nevertheless, tiny agglomerates were seen, which
may be because TOL-AgNPs' surface is covered with biological
macromolecules(Mishra et al., 2014, Velmurugan et al., 2013).

Although the current work was intended to demonstrate the usefulness of TOL-
extract combined with AgNP against DMH-caused colon cancer, these were
discovered as DMH had diverse negative impacts at different haematological and
biochemical values throughout the elicitation stages. Animal models must be used to
examine the pathogenesis of colorectal cancers and to evaluate potential alternative
therapies. Hematological measures could be utilized to evaluate an animal's adverse
effects on blood components, as well as to explain the blood-related activities of
chemical compounds or plant extracts(Ashafa et al., 2009, ASC and Costa-
Casagrande, 2018). DMH is widely recognized as causing changes in the hematology
condition of rats. Most of these changes were attributed to oxidative stress, which is
linked to both haematological abnormalities and the development of cancer(Childress,
2012). During the present investigation, the values for HB and MCH in the DMH
colon-induced groups have been slightly greater than the control group, when the
values for RBCs count, HCT, MCV, and MCHC count were somewhat lower, but the
variation seemed statistically meaningless (p>0.05) for all parameters. This was
consistent with the findings of (Aboulthana et al., 2020), who found that DMH-
induced cancer groups did not cause significant changes in haematological data
related to red blood cell indices (RBC, HB, HCT, MCV, MCH, and MCHC) for all
groups. Recent research showed that DMH-induced colon cancer dramatically
increased RDW levels. This was consistent with the findings of (Férhécz et al., 2009)
which showed that RDW levels are higher in aggressive carcinoma that is followed by
a protracted inflammation phase. Furthermore, the RDW score has been linked to
colon cancerous metastases as well as accurately predicts advanced cancer stages(Lee
et al., 2014, Yang et al., 2018). The MPV value is regarded to be an early indicator of
the proliferation of platelets, which was found to be a significant elevation in DMH-
induced colon cancer groups in our studies, which was consistent with (Lee et al.,
2014) who confirmed that MPV was found to be separately related to the appearance
of colorectal cancer, as there was a strong relationship among MPV as well as the
phase of tumour nodules metastases. In the DMH-induced colon cancer group, PLT
levels increased considerably adding to WBC and their variable WBC counts
(lymphocyte, monocyte, and granulocyte). This may be related to inflammatory
responses that caused bone marrow to create PLT and leukocytes, particularly
lymphocytes, since white blood cells travel to inflammatory sites furthermore are
attracted by platelets(Laoui et al., 2011, Vieira-de-Abreu et al., 2012). Furthermore,
neutrophils are regarded as the first defense line and are quickly attracted to
inflammation sites in response to inflammation mediators generated at the site of
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damage. Recent research has shown that DMH may cause liver damage and
hepatotoxicity(Coussens and Werb, 2002, Megaraj et al., 2014). DMH was observed
to produce an rise in the amounts of (AST, ALT, and ALP) which are the most
commonly utilized indicators to measure liver functions. This is in agreement the
results of of (Moharib et al., 2014) who reported that DMH induced liver injury as a
consequence of strong corrosive electrophiles ( alkyl free radicals and carbonium
ions) which destruct liver tissues, producing inflammation and, therefore, loss of
membrane permeability. In the early stages of liver damage, the cytoplasm’s enzymes
might spill through hepatocellular into the circulation because the membrane
permeability is increased. TOL-AgNPs normalized these parameters in all treated
phases (preservation & treatment). Those could be explained by the existence of a
diverse variety of polyphenolics which were elevated by the incorporation of AgNP,
as proposed by(Abdelhady and Badr, 2016) and protected by(Mahmoud Aboulthana
et al., 2019) who discovered TOL-AgNPs hold excessive amounts of bioactive
substances with antioxidant capacity in comparison to the leaf extracts. As a
consequence, these compounds demonstrated a strong capacity to protect membrane
permeability toward ROS produced by DMH injection.

We had already shown the significance of oxidative stress in DMH-caused
colon injury(Khan and Sultana, 2011). DMH is indeed a procarcinogen that's also
converted to methylene free radicals, which produces hydroxyl radicals or hydrogen
peroxide in the presence of metal ions that might lead to the development of cancer
phases and LPO. Lipid peroxidation (LPO), or MDA production, would be the
essential also significant indicator of oxidative destruction and following DMH
treatment, an increased amount of MDA product LPO was detected(Dudeja and
Brasitus, 1990, Sengottuvelan et al., 2006). Consistent with earlier publications, our
findings demonstrated a considerable rise in MDA levels after DMH therapy. TOL-
AgNPs substantially reduce MDA levels in both the simultaneously treated and post-
treated groups, and the findings are consistent with(Hamiza et al., 2012) where TOL-
AgNPs have been demonstrated to be efficacious against colon damage. Free radicals
are eliminated in biological systems by antioxidants (enzymatic and non-enzymatic),
which serve as key defensive mechanisms versus free radicals(Ahmad and Sultana,
2012, Nandhakumar et al., 2012). GSH as well as its oxidizing analogue are important
components of the cell's redox buffer system. GSH may operate as not an enzymatic
scavenger through direct interaction with the SH groups of ROS or as a cofactor or
coenzyme in the enzymatic detoxifying procedure for ROS. In our investigation, GSH
values in rats administered by DMH decreased significantly, but those treated with
TOL-AgNPs recovered typical GSH values, showing the protective effects of TOL-
AgNPs. DMH therapy produces free radicals in colonic tissue, which GSH regulates
by neutralizing the free radicals. As a result, DMH therapy reduces the levels of
enzymatic antioxidants(Sengottuvelan et al., 2006). Both of the groups that were
treated with TOL-AgNPs at the same time and the group that was treated afterward
substantially restored these levels to normal(Rajeshkumar and Kuttan, 2003, Khan et
al., 2012, Baskar et al., 2012).

To analyze the colorectal cancer progression in the DMH-induced groups as
well as to test the therapeutic efficacy and anticancer potential of TOL-AgNPs against
DMH-induced colon cancer,where the colon tissues of all the testing animals are
histopathologically examined. The colon tissue's mucosal layer showed hyperplasia,
dysplasia, and adenoma formation in the group exposed to carcinogens. The
restoration of the colon tissue's natural cellular architecture is significantly reduced as
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a result of the TOL-AgNPs therapy. After being treated with TOL-AgNPs, the
hyperplastic lesion significantly decreased, and the goblet cells got back to their
normal shape. These occurrences illustrate the efficacy of TOL-AgNPs in inhibiting
colon cancer induced by DMH in rats. Previous research has shown the effectiveness
of plant leaf AgNP efficacy versus many cellular diseases, such as rat spleen
cells(Sengottaiyan et al., 2016) where malignant cells survival was markedly
decreased in mice treated with AgNP(Jeyaprakash et al., 2020). In addition, the
research by Murugesan et al. revealed, that human cervical cancer cell lines were
more responsive to the toxic effectiveness of plant-based AgNPs. According to our
findings, the synthetic TOL- AgNPs may have anti-oxidative and anti-tumour
characteristics against DMH-caused colorectal cancer in rats(Murugesan et al., 2019).
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5. CONCLUSION

In this study, green biosynthesized silver nanoparticles TOL-AgNPs were found
to have an antiproliferative potential on rat colon cancer. One of the greatest methods
of understanding the underlying structure of tumorigenesis and development, in
addition to complete therapeutic options, is to use a rodent model for colorectal
cancer. According to the current study, such antioxidants, anti-inflammation, and
anti-tumour enhancing potent of TOL-AgNP against DMH-caused colon toxicity and
neoplasia transformations through lowering amounts of the hematologic and
biochemical parameters as well as restoring their amounts to standard levels across all
nano-extract treatment groups. Additionally, the decrement in damages caused by
DMH in animals treated was revealed by microscopic proofs that showed
considerable anti-tumor activity.
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